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DESCRIPTION 



ANTENNA DEVICE 

Technical Field 

The present invention relates to an antenna device 
using a microstrip patch and more particularly to an antenna 
device in which a substantially conical cup is provided 
around a microstrip patch. 

Background Art 

An applicant of the present invention has a patent 
right of an antenna device, in which a substantially 
conductive member is provided around a microstrip antenna, 
in Japan (Japanese Patent No. 3026171). 

In the antenna device of Japanese Patent No. 3026171, 
it is intended to improve gain and to realize a narrower 
beam width (here, a beam width represents a half -power 
width) , when compared with the case where a substantially 
cylindrical conductive member is not provided around a 
microstrip antenna . 

More concretely, whereas although the gain of the 
conventional microstrip antenna is about 7 dBi, in the 
above-mentioned antenna device, it is intended to increase 
gain and to realize a narrower beam width such that a 
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substantially cylindrical conductive member is provided 
around a mlcrostrip antenna in contrast to an conventional 
microstrip antenna characterized in that the thickness of 
the antenna is small, that the antenna is light, that the 
structure of the antenna is simple, and that a circularly 
polarized wave can be easily obtained. As a result, 
although dependent on the height and diameter of a 
substantially cylindrical conductive member, for example, an 
antenna device having a gain of about 9 dBi or more and a 
beam width of about 50 degrees can be obtained. 

It is an object of the present invention to provide an 
antenna device having a high gain and/ or a narrow beam width 
such that an antenna device shown in Japanese patent No. 
3026171 is improved. 

Disclosure of Invention 

In order to attain the above object, an antenna device 
of the present invention has the following structure. 

That is, the antenna device is characterized in that a 
substantially conical conductive member, having upper and 
lower sides made open, is erected in a substantially 
vertical direction around a substantially circular 
microstrip patch provided on the upper side of a 
substantially circular substrate, that the lower opening 
portion of the conductive member is grounded to a ground 
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plate provided on the lower side of the substrate, and that 
the diameter of the upper opening portion of the conductive 
member is larger than the diameter of the lower opening 
portion of the conductive member. 

It becomes able to realize a higher gain and/or a 
narrower beam width such that, to a wavelength of a signal 
wave serving as an object of the antenna, the height of the 
conductive member is from about 1/3 a wavelength to about 
1/2 a wavelength. 

Furthermore, it becomes able to realize a higher gain 
and/or a narrower beeun width than in an antenna device of 
the above Japanese Patent No. 3026171 such that, to a 
wavelength of a signal wave serving as an object of an 
antenna device, the height of the conductive member is about 
1/3 a wavelength, the diameter of the substrate is from 
about 3/4 a wavelength to about 5/4 a wavelength, and the 
diameter of the upper opening portion of the conductive 
member is from about 13/12 a wavelength to about 11/6 a 
wavelength. 

In particular, an extra high gain and an extra narrow 
beam width can be made compatible such that, while the 
diameter of the substrate is about a wavelength, the height 
of the conductive member is made about 1/3 a wavelength and 
the diameter of the upper opening portion of the conductive 
member is made about 3/2 a wavelength. 
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In addition to a high gain and a narrow beam width, the 
bandwidth of an antenna device can be increased such that 
the substrate is formed by using a honeycomb material and/or 
a parasitic microstrip patch is provided in the front of the 
radiation surface of the microstrip patch. 

The conductive member may be freely changed around the 
microstrip patch. In this way, without changing the ground 
plate, the substrate, and the microstrip patch, an antenna 
device having a gain and beam width for desired purposes can 
be constituted such that the conductive member is changed. 

Brief Description of the Drawings 

Fig. 1 is a vertical sectional view of an antenna 
device of the present invention. 

Fig. 2 is a top view of the antenna device of the 
present invention . 

Fig. 3 is a vertical sectional view of an antenna 
device in which the substrate is made of a honeycomb 
material . 

Fig. 4 is a vertical sectional view of an antenna 
device in which a parasitic microstrip patch is provided. 

Fig. 5 shows the change of gain to the height of a 
cylinder cup when the cylinder cup of a substantially 
cylindrical conductive member is provided around a 
microstrip antenna. 



- 5 - 



Fig. 6 shows the change of gain (computation value) 
when the diameter of a substrate and the diameter of the 
upper opening portion of a substantially cylindrical 
conductive member are changed while the height of the 
conductive member is fixed at 1/3 a wavelength. 

Fig. 7 shows the change of a beam width (computation 
value) when the diameter of a substrate and the diameter of 
the upper opening portion of a substantially cylindrical 
conductive member are changed while the height of the 
conductive member is fixed at 1/3 a wavelength. 

Fig. 8 shows the change of gain (measurement value) 
when the diameter of the upper opening portion of a 
substantially cylindrical conductive member is changed while 
the height of the conductive member is fixed at 1/3 a 
wavelength and the diameter of a substrate is fixed at a 
wavelength . 

Fig. 9 shows the change of a beam width (measurement 
value) in the H and E planes when the diameter of the upper 
opening portion of a substantially cylindrical conductive 
member is changed while the height of the conductive member 
is fixed at 1/3 a wavelength and the diameter of a substrate 
is fixed at a wavelength. 
Reference Numerals 

1 metal plate as a ground plate 

2 dielectric substrate as a substrate 
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3 metal plate as a microstrlp patch 

4 conical cup as a conductive, member 

5 lower opening portion 

6 upper opening portion 

7 side wall portion of a conductive member 

8 feed connector 

9 honeycomb material 

10 parasitic microstrlp patch 

11 substrate for a parasitic microstrlp patch 

12 antenna device of the present Invention 



Best Mode for Carrying Out the Invention 

An embodiment of the present Invention Is described In 
detail with reference to Figs. 1 and 2. Moreover, the 
present Invention Is not limited to the following 
description, but the designing can be appropriately changed. 

In a best mode for carrying out the Invention as In the 
following, a high gain and a narrower beam width are 
compatible. Not only an antenna device of the present 
Invention, but also an antenna device In a best mode for 
carrying out Is required to have performance for desired 
purposes of the antenna device. For example, there are 
cases where the Increase of gain or the decrease of a beam 
width Is required. There are also opposite cases to those. 
Accordingly, an embodiment shown below Is not always a best 
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mode. In this connection, the purpose of using the antenna 
device of the embodiment shown below is the use for 
satellite communication, that is, the increase of gain in 
order to increase a link margin. 

A vertical sectional view of an antenna device of the 
present invention is shown in Fig. 1 and a top view of the 
antenna device of the present invention is shown in Fig. 2. 

The shape of a metal plate ( 1 ) serving as a ground 
plate, a dielectric substrate (2) as a substrate, and a 
metal plate (3) as a microstrip patch is circular, 
respectively. The shape of the metal plate (1), the 
dielectric substrate (2) or the metal plate (3) may be a 
quasi circular. 

The metal plate (1) as a ground plate and the 
dielectric substrate (2) generally have the same size and 
the same shape, but they must not have the same size and the 
same shape. For example, the metal plate (1) as a ground 
plate may be made a square form containing the dielectric 
substrate (2) therein. In the present embodiment, the metal 
plate (1) as a ground plate and the dielectric substrate (2) 
have the same size and shape. 

Generally, the radius of the metal plate (3) as a 
circular microstrip patch can be approximately obtained with 
the following formula (hereinafter, referred to as formula 
1). 
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F = 1.841xC/[2jc{a+2{t/jt)ln2}\/eY] 

Here, F is the resonance frequency, that is, the 
frequency of a signal wave as a target of an antenna device 
of the present invention, C is the light velocity, a is the 
radius of a circular micros trip patch, t is the thickness of 
the substrate, and Ey is the dielectric constant of the 
substrate. 

Furthermore, the wavelength X of a signal wave as a 
target of an antenna device of the present invention can be 
obtained with the following formula (referred to as formula 
2) 

X = C/F 

Hereinafter, a wavelength represents the wavelength X 
of a signal wave as an object of an antenna device (12) of 
the present invention. 

The diameter of the metal plate ( 1 ) as a ground plate 
and the dielectric substrate (2), that is, the portion 
represented by D in Fig. 1 is about one wavelength long. 

Although it is desirable that the metal plate is a 
metal having a low electric resistance, usually a relatively 
low-priced copper of a sufficiently low electric resistance 
is used. Furthermore, different metals may be used for the 
metal plate (1) as a ground plate and the metal plate (3) as 
a microstrip patch, but normally the same metal is used. 

As a dielectric substrate, there are a glass epoxy 
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resin, polyethylene resin, ceramic dielectric material, etc., 
but publicly known dielectric materials for the mlcrostrlp 
antenna In the past may be used. Furthermore, as shown In 
Fig. 3, the dielectric substrate (2) may be formed by using 
a honeycomb material (9). In this way, a broadband antenna 
device can be realized. 

The metal plate (1) as a ground plate and the 
dielectric substrate (2) are glued so as to be in agreement 
with each other, and the metal plate (3) as a mlcrostrlp 
patch is normally glued in the middle portion of the 
dielectric substrate (2) such that the metal plate (3) does 
not protrude from the dielectric substrate (2). 

Regarding a method of gluing, although there is a 
method using a so-called adhesive, since the dielectric 
constant is changed by the adhesive, an etching process is 
performed on the metal plates used as a ground plate and a 
mlcrostrlp patch, and a method for removing a part of the 
metal plate as a mlcrostrlp patch is used. As a result, the 
same effect can be obtained as in the case where the. metal 
plates as a ground plate and a mlcrostrlp plate are glued on 
the dielectric substrate { 2 ) . Furthermore , according to the 
method of performing an etching process, the portion of the 
metal left after the removal functions as a mlcrostrlp patch 
and, since the resonance frequency is controlled by the size 
of the mlcrostrlp patch, the resonance frequency can be set 
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such that the portion to be removed of the metal plate is 
adjusted. Moreover, since a method for gluing the 
dielectric substrate to the metal plate as a ground plate 
and the microstrip patch is not an essential part of the 
present invention, the above method is not necessarily 
required, and any publicly known method in the past may be 
appropriately used. 

A conical cup ( 4 ) which is a substantially conical 
conductive member having both upper and lower sides made 
open is formed by using a metal. Regarding the material, 
although the use of a material different from the metal 
plate (1) as a ground plate and the metal plate (3) as a 
microstrip patch is not excluded, in order to avoid the 
affect due to inherent impedances depending on each kind of 
metals when the different metals are used, normally the same 
materials are used. In the present embodiment, the material 
of copper is used. 

The lower opening portion (5) of the conical cup (4) is 
circular, the diameter is substantially the same as that of 
the dielectric substrate (2) and the metal plate (1) as a 
ground plate, and the opening portion (5) is made in contact 
with the surrounding edge portion of the dielectric 
substrate (2) and the metal plate (1) as a ground plate. 
However, the conical cup (4) is not necessarily required to 
be made in contact with the dielectric substrate (2), and it 
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ls enough that at least the conical cup (4) is made in 
contact with the metal plate (1) as a ground plate. As the 
contact method, for example, a welding method by soldering 
may be used. In this way, while being grounded to the metal 
plate (1) as a ground plate, the conical cup (4) is 
vertically erected around the metal plate (3) as a 
microstrip patch. 

The gradient of a side wall portion (7) as the ring- 
shaped body of the conical cup (4) is normally substantially 
constant . 

Furthermore, the upper opening portion (6) opposite to 
the dielectric substrate (2) of the conical cup (4) is 
circular, and the diameter, that is, the portion represented 
by DL in Fig. 1 is about 3/2 a wavelength. The height of 
the conical cup ( 4 ) , that is , the portion represented by H 
in Fig, 1 is about 1/3 a wavelength. 

As shown in Fig. 4, a parasitic microstrip patch (10) 
and a substrate (11) for the parasitic microstrip patch may 
be provided in the front of the radiation surface of the 
microstrip patch. In such a way, a broadband antenna device 
can be realized. Or the dielectric substrate (2) is formed 
by using a honeycomb material (9) and, in addition to that, 
a parasitic microstrip patch (10) and a substrate (11) for 
the parasitic microstrip patch may be provided in the front 
of the radiation surface of the microstrip patch. 
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Regarding a method for feeding the antenna device (12), 
a publicly known method in the past may be used. In the 
methods for feeding the antenna device shown in Figs . 1 , 3 , 
and 4, a pin-type feeder in which a feeding connector (8) is 
provided in the metal plate (1) as a ground plate is 
provided is used. 

Next, in addition to the above embodiments, the result 
of numerical computation conducted by the present inventor 
et al. is briefly mentioned. 

An embodiment for which numerical computation was 
conducted is as follows . 

The frequency of a signal wave as an object of the 
antenna device (12) is set to be 2.5 GHz, and a PTFE 
dielectric material having a dielectric constant of 2.17 and 
a thickness of 1.524 mm is used. 

Based on the above formula 2 , the wavelength of a 
signal wave as an object for transmission and reception of 
the antenna device becomes 120 mm. Furthermore, by using 
the above formula 1 , the radius of the microstrip patch was 
calculated and set to be 46 mm (23/60 a wavelength). A 
copper material was used for the microstrip patch, ground 
plate, and conical cup. The thickness of the conical cup 
was set to be 0.2 mm. 

In Fig. 5, a table showing the change of gain to the 
height of a cylinder cup when the cylinder cup of a 
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substantially cylindrical conductive member is provided 
around the microstrip antenna is shown. From the 
computation values and measurement values in Fig. 5, it was 
understood that high gains can be obtained in the range 
where the height of the cylinder cup is from about 40 mm 
(about 1/3 a wavelength) to about 60 mm (1/2 a wavelength). 
Accordingly, it is found that it is desirable that, when a 
conical cup is provided, in order to obtain a high gain, the 
height of the conical cup is set to be from about 40 mm (1/3 
a wavelength) to about 60 mm) 1/2 a wavelength) in the same 
way as in the case where the cylinder cup is provided. 

Then, for convenience of numerical computation, the 
height of the conical cup is fixed at 40 mm (1/3 a 
wavelength) and, when the diameter and spread diameter of 
the substrate (as an indicator showing the degree of 
expansion of the upper opening portion of the conical cup, a 
half of the difference between the diameter of the ground 
plate and the dielectric substrate and the diameter of the 
upper opening portion, that is, the portion represented by d 
in Fig. 1 is defined as a spread diameter of the substrate) 
are changed, the change of gain (computation value) is shown 
in Fig. 6. Furthermore, in the same way, the height of the 
conical cup is fixed at 40 mm (1/3 a wavelength) and, when 
the diameter and spread diameter of the substrate is changed, 
the change of a beam width (computation value) is shown in 
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Fig. 7. In Figs. 6 and 7, the diameter of the substrate is 
changed from 80 mm (2/3 a wavelength) to 150 mm (5/4 a 
wavelength) and the spread diameter is changed from zero mm 
(zero a wavelength) to 50 mm (5/12 a wavelength). However, 
the changes are not limited to those and shown only as 
examples. From these figures, it is understood that the 
improvement of gain and/or the attainment of a narrow beam 
width is practicable such that a substantially conical 
conductive material is provided around the microstrip patch. 
Then, an antenna device having a gain and beam width for 
desired purposes can be constituted such that the diameter 
of the substrate and the spread diameter are properly 
combined. Moreover, even if various wavelength areas are 
used without limiting to the present embodiment, the same 
effect can be obtained. 

Furthermore, the present inventor et al. practically 
took measurement of the gain and beam width of a part of the 
objects of the above numerical computation, and the result 
of the measurement is shown. Concretely, while the height 
of the conical cup is set at 40 mm (1/3 a wavelength) and 
the diameter of the dielectric substrate is set at 120 mm 
(one wave length), the change of gain (measurement value) 
when the spread diameter is changed is shown in Fig. 8. 
Furthermore, while the height of the conical cup is set at 
40 mm (1/3 a wavelength) and the diameter of the dielectric 
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substrate is set at 120 nun (one wave length), when the 
spread diameter is changed, the change of a beam width 
(measurement value) in the H plane (the plane containing the 
magnetic-field vector of an electromagnetic wave) and the E 
plane (the plane containing the electric-field vector of an 
electromagnetic wave) of the antenna pattern is shown in Fig. 
9. As shown in these figures,, although there is some 
difference between the computation values and the 
measurement values, a similarity can be seen between the 
tendencies of change of the computation values and the 
measurement values for the gain and the beeun width when the 
spread diameter is changed. Therefore, not only in the 
numerical computation, but also practically, the improvement 
of gain and/or the attainment of a narrow beam width was 
confirmed such that a substantially conical conductive 
member is provided around the micros trip patch. 

Furthermore, without changing the metal plate (1) as a 
ground plate, the dielectric substrate (2), and the metal 
plate (3) as a microstrip patch, an antenna device having a 
gain and beam width for desired purposes can be constituted 
such that the conical cup (4) is freely changed. 

Industrial Applicability 

According to the present invention, an antenna device 
having a gain and beam width for desired purposes can be 
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constituted such that a conductive member of a combination 
of an appropriate diameter of a substrate and a spread 
diameter is provided around a microstrip patch. Furthermore, 
an antenna device having a high gain and narrow beam width 
which are consistent with each other can be constituted, 
although dependent on a combination of the diameter of a 
substrate and the spread diameter. Moreover, an antenna 
device of the present invention is also characterized by 
being small and light in the same way as a microstrip 
antenna is. 

Therefore, for example, the antenna device can be used 
as a primary radiator of a reflector antenna. Furthermore, 
it is also able to consider applications of a mobile station 
antenna, portable station antenna, satellite-mounted antenna, 
or a primary radiator for these, and, as a result, an 
antenna device of the present invention can be utilized in a 
wide range of fields in the industry. 



